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ABSTRACT : 
Re nard r ece nt ly reported (Monthly Weath&Review, July 1968) on a 
nume rical scheme f or pred i c ting the motion of tropical storms for inter-
vals up to 72 hours . The for ecas t technique is applied in two steps. 
First, numerical ge ostroph ic s t eering of the cyclone center is accom-
plished using Flee t Nume rica l Wea ther Central's analyses and prognoses 
o f smoothed isobar i c height f i elds, ca l l ed SR fields. Next, a statistical 
c orre ction for ve c to r bias in t he numerical steering computation is used 
s e lectively in an att e mpt t o imp rove the accuracy of the forecast track. 
The bias modification is dependent solely on the peculiarities of recent-
history 12- and 24-hour fo r ecast s in relation to the actual storm trajectory. 
Forecasts for intervals up t o 72 hours, generated from the 1967 Atlantic 
operational storm positions , are compa red to the results from previous 
experimental forecasts f or 1965 us ing best-track positions of Atlantic 
storms. 
Results indicate t he numerical scheme shows skill in relation to both 
1965 and 1967 official-forecast accurac y a s documented by Fleet Weather 
Facility, Jacksonville, Florida . In 1967 , the relative improvement over 
official forecasts, using 700mb pr og nostic SR fields for steering, ranges 
f r om 52% at forecast i nte rvals of 7-18 hours to 9% at forecast intervals 
of 43-54 hours. 
Discussions of vari ous f ore ca st modes and selective modification 
s chemes as well as strat i fi cat ion of error statistics by area, track, and 
st orm stage are inc luded . 
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Renard (1968) recently re ported on the deve l o pment a nd appl ication of 
a numerical scheme to fore cast the motion o f trop i cal - sto rm centers 1 in 
the North Atlantic and Pacific Ocean areas. Geralds on (1968) pres e nt e d 
a preliminary evaluation of the technique for the 1967 s torm season in 
the west Pacific area. The forecast scheme, as discussed in both of 
these references, has two constituent parts. First, the storm center 
is moved with a geostrophic wind derived from a smoothed isobaric 
height field, as produced operationally by the Fleet Numerical Weather 
Central, Monterey, California (FNWC) 2 . Next, the geostrophic steering 
vector is selectively modified in direction and magnitude as a function 
of the recent-history behavior of this vector in relation to the storm's 
actual trajectory. 
Regarding the first step, Figs. 1 and 2 illustrate operational FNWC 
analyses pertinent to storm forecasts generated at and after 1200 GMT, 
16 September 1967. Fig. 1 depicts the surface pressure analysis which is 
closely related in pattern to the 1000mb height field. Three hurricanes, 
Beulah (B), Chloe (C) and Doria (D), existed in the Atlantic area at this 
time. Upon application of FNWC's unique pattern separation program 
(Hughes, 1966) to the 1200 GMT 16 September 1967 1000mb contour analysis, 
a smoothed height field, called SR 1000, is produced (Fig. 2). The chart 
1In this and in following sections, the term tropical storm or storm includes 
all stages of named tropical cyclones, unless specified otherwise. 
2Although Fleet Numerical Weather Central was designated Fleet Numerical 
Weather Facility prior to June, 1968, the former will be used throughout 
to designate this unit of the Naval Weather Service. 
3 
resembles a space-mean height field depicting long-wave features. That the 
hurricane circulations (i.e. perturbations) are removed by the smoothing 
program may be noted from a comparison of Figs. 1 and 2. The relation of 
the SR field to the storm trajectory is evident from the best-track positions 
of B, C, and D at twelve hour intervals (Fig. 2). The 1000mb SR, rather 
than another level, is shown here since that particular level yielded 
accurate geostrophic steering components in the period following 1200 GMT, 
16 September 1967. 
The selective modification of the numerical geostrophic steering fore-
cast (hereafter called the SR forecast or SR steer) may be described with 
reference to a schematic application shown in Fig. 3. Suppose that the 
current position of a tropical-storm center is T . Twenty-four hours before 
0 
time "O", the position was T_ 24 . At that time a 24-hour forecast of storm 
motion, using only the geostrophic steering vector, located the center at 
F . Thus, at time "O" the vector error of forecast position F is known; 
0 0 
E24 represents this vector. A 36-hour SR forecast generated at time "O", 
locates the storm at F36 . Considering E24 as a bias in the recent-history 
SR forecast, it is vectorially added to the 36-hour forecast position, F36 , 
in the appropriate multiple, which in this case is 1.5, (i.e. 1.5 x E24 ). 
The result is the modified forecast position F;~, where the superscript 
denotes the error field from which the correction for bias is obtained. 
represents the true posit ion of the storm at time "O" plus 36 hours. In ge n-
eral, the error E is applied as a correction in the multiple YY/XX, where XX 
XX 
,...,..._, 
is the interval of the forecast from which the bias correction is derived and 
YY is the interval of the forecast being made. This procedure is based on 
a linear relation between error of the SR steer and forecast interval. 
4 
The numerical scheme, both steps of which have been outlined above , was 
applied first to Atlantic tropical-storm data for 1965 and subseque ntly to 
1967. The former is summarized by Renard (1968); the latter is reported 
on here along with a relative comparison of the two years of application. 
2. Comparison of the 1965 and 1967 SR-forecast models 
Before presenting and interpreting forecast results from 1965 and 1967, 
it is necessary to specify the nature of the numerical geostrophic steering 
vector as it was used in each of the two years. 
a. SR forecasts: 1965 data: (1) 1965 data were processed by a 
research-oriented SR-steering program written by personnel of the Department 
of Meteorology, Naval Postgraduate School, Monterey, California (PGS) and 
symbolized hereafter as the PGS program. (2) PGS geostrophic steering 
computations were'made in one-hour time steps up to a 72-hour forecast 
interval. (3) The steering wind in the PGS program represents an average 
geostrophic SR wind derived from computations at four points surrounding 
the storm center. Each of the four points is one mesh length from the 
center, which, at 20 deg lat, is about 275 km. (4) Forecasts were made 
from best track positions at 0600 and 1800 GMT, as documented by Fleet 
Weather Facility, Jacksonville, Florida (FWFJAX) (1965). (5) The FNWC 
SR analysis fields at 1200 and 0000 GMT were used to compute forecast 
positions verifying 12, 24, 36, 48, and 72 hours after 0600 and 1800 GMT, 
respectively. SR forecasts generated from analyses only will be referred 
to as ANAL-mode forecasts. (6) SR fields from various isobaric levels and 
layers, between 1000 and 100mb, were tested for relative accuracy in fore-
casting the storm centers. 
b. SR forecasts: 1967 data: (1) 1967 data were processed by an 
operationally-oriented program written by personnel at FNWC, and symbolized 
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hereafter as the HATRACK (Hurricane and Typhoon Tracking) program, (2) 
HATRACK geostrophic steering computations were made in three-hour time 
steps up to a 72-hour forecast interval. (3) The steering wind in the 
HATRACK program represents the geostrophic SR wind at the storm center. 
(4) Forecasts were made from operational positions in real time by FNWC 
or Fleet Weather Central, Norfolk, Virginia upon request from FWFJAX. 
Such positions are generally warning-time positions (i.e. position esti-
mates at standard forecast times) at 0400, 1000, 1600 and 2200 GMT, or 
fix-time positions (i.e. positions fixed by radar, weather reconnaisance, 
etc.) at or near 0000, 0600, 1200, and 1800 GMT. (5) Both FNWC SR analyses 
and prognoses were employed for the purpose of obtaining geostrophic 
steering computations. In the former case, the most recently-dated SR 
analysis is used for computation of the geostrophic steering component 
(ANAL-mode). In the latter case, SR prognoses and analyses are used in 
the forecast of the storm trajectory; this approach will be symbolized as 
the PROG-mode forecast. (6) HATRACK forecasts were made regularly from SR 
fields at 1000, 700, and 500 mb. 
Fig. 4 is an aid in understanding the differences in the ANAL- and 
PROG-mode forecasts. The figure also serves to introduce other terminology 
pertinent to the exposition of results from the 1967 tests. As an example, 
assume that the SR field is dated 0000 GMT, and that six-hour SR prognostic 
fields out to 72 hours are available. Further, assume a warning-time storm 
position at 0000 GMT. For the ANAL-mode storm forecast, the 0000 GMT SR 
field only is used to generate forecasts out to 72 hours. The same infor-
mation is used for all subsequent warning-time positions until the 1200 
GMT SR analysis becomes available. The PROG-mode forecast version utilizes 
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the 0000 GMT analysis fo r the i nitial thr ee -h ou r n umerica l steering step, 
the six-hour (12-hour) SR prognosis f or th e tw o subse q uen t three - hour 
s t eering steps, 0300-0600 and 0600-0900 (0900-1200 and 1200-1500) GMT , 
a nd so on, in similar fashi o n, t o 72 hours. 
As a f urther example, a storm position of 0400 (1000) GMT would e mpl oy 
the s ix - (12- ) hour SR prognosis in a two-hour time step to 0600 (1200) 
GMT a nd a three-hour time step to 0900 (1500) GMT and so on. Thus, fore-
casts gene rated from the typical warning-time positions at 0400, 1000, 
1600 and 2200 GMT yield estimates for intervals of 2, 8, 14, 20---44---68 
hours. 8, 20 , 44 and 68 hours are the standard intervals for official 
(OFFJAX) fore c a sts as issued in real time by FWFJAX 1 . Documentation of 
these for e casts, at the end of each calendar year, may be found in FWFJAX 
publications (1966, 1968). 
The t e rm , map age, represents the time difference between the SR a nalys is 
and the operat ional storm position from which the forecasts were st a rted. I n 
the schematic e xample of Fig. 4, warning times of 0000, 0400 and 1000 GMT 
indicate ma p ages of 0, 4 and 10 hours, respectively. It is to be noted 
that even if the SR analysis is not used in generating a forecast storm 
position (t rue for PROG-mode forecasts with map ages three and greater) 
the map ag e i s still defined with reference to the time of this analysis. 
Map ages t ypically range from zero to as high as 18 since, as an example, 
the 1200 GMT SR analysis and its attendant prognoses may not be available 
for making st orm forecasts until 1800 GMT. The earliest that HATRACK fore-
casts may be generated is approximately five hours after the synoptic times 
0000 and 1200 GMT since analysis and prognosis fields are not available 
until that t ime. 
1These int e r v a ls are labeled as 12, 24, 48 and 72 hours by FWFJAX (F leet 
Weather Facilit y, 1968) since the warning-time positions, themse lves, are 
regarded as fore ca st positions, usually generated by extrapolat ion f r om 
synoptic-time fi x positions. 
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3. 1967 HATRACK forecasts in comparison with 1965 results 
Due to several similar features of the 1965 PGS and 1967 HATRACK forecast 
programs as well as the nature of the tropical storm data to which they were 
applied (e.g. best track positions in 1965, operational positions in 1967), 
a comparative evaluation of the two years of data was undertake n . Detailed 
resul t s of the 1965 tests are contained in a previous article (Re nard, 1968). 
Here, the focus is on the 1967 data. All available operational HATRACK fore-
casts from the North Atlantic for the 1967 hurricane season were obtained 
from FNWC and FWFJAX for use in this study. All named storms, except Ginger, 
are represented in this sample. Arlene, Beulah, Chloe, Doria, Fer n and 
He ide attained hurricane stage, while Edith and Ginger (short life in the 
eastern North Atlantic) did not develop beyond the storm stage. 
The following serves as a common legend for Tables 1 - 3. The t a b les 
present HATRACK forecast errors for the isobaric SR level of best perform-
ance. With little exception, each forecast was made from the three SR 
fields, 1000, 700, and 500mb. The level yielding the least forecast 
error is shown with its average error, separately by latitude and longitude 
component of error as well as by total error, in nautical miles per hour of 
forecast interval. The statistics are presented separately for the non -
homogeneous and homogeneous samples. Non-homogeneous (homogeneous) mea ns 
that the initiation time of the forecast and the forecast interval are not 
(are) necessarily the same for OFFJAX and HATRACK forecasts. In the non-
homogeneous set, forecast statistics are arranged into five grouped for e-
cast intervals. Such grouping became necessary since the HATRACK forec ast s 
were not necessarily initiated at the same clock hours each day nor were 
they generally begun at hours divisible by six. Although the HATRACK 
program computes forecast positions every six hours out to 72 hours, the 
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first forecast c omput e s the st orm pos i tion for the nearest whole hour 
divisible by six. As an e xa mple , more tha n half of t he fo r ecasts in the 
7-18 (19-30) hour group are 8 and 14 (20 and 28 ) hour forecas ts , since 
forecasts were frequently generat ed from sta ndard warning-time positions 
at 0400, 1000, 1600 and 2200 GMT. The remainder of th e 7 - 18 (19 - 30 ) h our 
sample are predominantly made up of 12 and 18 (24 and 30 ) hour fore casts 
extending from fix-time positions at 0000, 0600, 1200 and 1800 GMT. 
The following is an interpretation of the 19-30 hour grouped f orecast 
interval in Table 1, which will aid in understanding the remaining entries 
in this and subsequent tables. There are 219 numerical HATRACK forecasts 
at intervals of 19, 20, 21--28, 29, 30 hours while 209 20-hour OFFJAX fore-
casts were documented. For the latitude and longitude component as well 
as the total forecast vector, 700mb SR fields gave the best result in 
comparison with the 1000 and 500mb levels. The average latitude and 
longitude errors are each 3.9 kts, while the average total vector error 
is 6.2 kt. In the case of the latitude component, OFFJAX errors are 
less than HATRACK (OFFJAX error= .92 x 3.9 kt) but HATRACK excels OFFJAX 
in the longitudinal component as noted from an error ratio of 1.21. The 
total error is least for the HATRACK system with an error ratio of 1.05. 
PROG- and ANAL-modes: all map ages: The following conclusions may be 
drawn from the non-homogeneous 1967 sample in Table 1. The SR 700 mb gee-
strophic steering winds are associated with the least error for longitude 
and total vector motion of the tropical storms. In the case of the latitude 
component, SR 500 (1000) is slightly better than SR 700 at the shorter 
(longer) forecast intervals. Error per hour generally decreases with in-
creasing interval for component as well as total forecast motion. Relative 
to OFFJAX forecasts, the HATRACK estimates are best for the longitude 
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component. The total error ratios reflect the influence of the lo ng i tudinal 
results since error ratios at all i ntervals exceed one. The average e rror 
ratio should be noted for comparison to similar data in the subseque nt tables. 
For the 1965 non-homogeneous data, only the total-error statis tics were 
computed. Also, forecast intervals were limited to 12, 24, 48, and 72 hours 
only. As in 1967, 700mb was the best level and the HATRACK forec ast errors 
generally decreased with time. However, the error ratios are more f avorable 
to the numerical scheme in 1967 than in 1965. This is due to the fa c t that , 
although the magnitude of forecast errors decreased for both the OFFJAX and 
HATRACK forecasts in 1967 as compared to 1965, the reduction was 10~ i n 
OFFJAX but 17~ in the numerical forecasts. 
Proceeding to the homogeneous section of Table 1, error statistics are 
shown for a sample of OFFJAX and HATRACK forecasts. Forecast interval is 
determined by that used in the OFFJAX forecasts. Conclusions on level of 
performance and time trend of forecast errors are the same as for the no n-
homogeneous sample. However, HATRACK (OFFJAX) forecast errors are higher 
(lower) and error ratios are lower for the homogeneous sample with exceptions 
for OFFJAX at 8 hours and HATRACK at 68 hours. The inconsistent behavior 
of this much smaller sample compared to the non-homogeneous set is largely 
due to differences in the ratio of the number of each storm's forecasts 
to the total forecasts for the year. For example, consider the 7-18 and 
8-hour intervals in Table 1. Arlene, a storm with a relatively large 
error of 8.8 kt, considering all forecasts, constitutes 12% of the non-
homogeneous sample but 17% of the homogeneous one. Heide, a storm with 
a relatively small error of 3.5 kt, considering all forecasts, constitutes 
12% of the non-homogeneous sample but only 7% of the homogeneous one. All 
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o ther storms appe ar wi t h approximately the same ratios (to within 3%) in 
t he two table s. In v i e w of t h is f act, the homogeneous sample cannot be 
c onstrued as c o ntradicting t he conclusions d rawn from the considera tion 
of all HATRACK forecasts. 
PROG and ANAL modes: ma p ag e s 0-6 h our s: Th e f orma t o f Table 1 is 
common to Table 2, howev e r, the statistics in t h e la tte r refe r t o ma p ages 
0-6 hours o n ly. Thus, the storm-forecast sample is r e duc e d b y 18% at 
intervals 7-18 hours to 8% at intervals 55 - 72 h ours from Table 1 . From 
Tables 1 and 2 , it is clear that forecast error is l e ss and erro r ratio 
is more for the s a mple with small map age. All othe r conclusions from 
Table 1 generally a pp l y to Table 2. It shou ld be pointed out that 
stratification by ma p age is somewhat academic; in real-time operationa l 
application, the HATRACK program utilizes the most recent SR info r mation 
regardless o f map a ge . For forecasts initiated at times between 0600 and 
1600 (1800 and 0400 ) GMT only 0000 (1200) GMT SR i n forma tion i s avai lable, 
hence map ages, of necessit0exceed 6 hours. However, it is practica l to 
rerun forecasts for storm positions at 1200 to 1600 (0000 and 0400) GMT 
when the 1200 (0000) GMT SR analyses and attendant prognoses become avail-
able, which is g e nera l l y by 1700 (0500) GMT, there b y reducing map ages b y 
12 hours. 
PROG-mode only: all map ages: Table 3 focuses on the PROG-mode fore-
casts only, f or al l map ages. Compared to the total possible sample (Table 
1) the number o f f orecast cases is reduced from 33% at the 7-18 hour interval 
to 20% at t he 55-72 hour interval. The results from this table contribute 
toward the important operational decision as to which for e cast mode to appl y : 
PROG or ANAL . On the whole, forecast error is reduced and error r a tio 
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increased relative to figures in Table 1 . Thus, the PROG-mode excels the 
ANAL version. In the case of the PROG-mode forecasts, error ratios for 
every grouped interval in the non-homogeneous set exceeds one while this 
is true for most intervals in the homogeneous sample. In the latter, the 
average error ratios now equal or exceed one for latitude and longitude 
components as well as the total error. 
4. 1967 modified HATRACK forecasts 
From results shown in Tables 1 - 3, the SR 700 PROG-mode HATRACK 
forecasts appear to yield results most competitive with the OFFJAX 
forecast. Table 4 shows intercomparisons of these HATRACK forecasts 
with selectively modified HATRACK forecasts for homogeneous samples of 
storm data. Forecast statistics are given separately for 12, 24, and 12 
and 24-hour modifications. A 12- or 24-hour modification indicates the 
approximate forecast interval from which a correction for bias was 
selected. The following explains the significance of the word approximate 
here. In order to simulate real-time operational conditions, the 12- and 
24-hour corrections for bias were chosen in a particular way. In the case 
of the 12- (24-) hour modifications, it was arbitrarily decided to use 
only those 12- (24-) hour HATRACK verifications available within a period 
12 hours before time of making forecast. Forecasts from intervals 10-15 
(22-27) hours qualified for furnishing the corrections for bias; these 
are identified as 12- (24-) hour modifications. Further, the most recent 
forecast verification is chosen for the purpose of selectively modifying 
a geostrophic SR steer. 
Table 4 indicates that, in the case of the latitude component, appli-
cation of either the 12- or 24-hour bias correction improved upon or equaled 
the HATRACK forecast for every interval. In summary, the 24-hour modified 
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HATRACK forecasts result in the l east e rr or for the lat itudinal component 
of storm motion. In the case o f the l ongit ude c omponent, the modified 
forecasts equal or excel the HATRACK version only f or f orecast i ntervals up 
to 30 hours. After that, HATRACK, unmodified, is best . The t o tal e rr or 
ref le cts both the influence of the latitude and longitude components . The 
24 -ho ur modified HATRACK is best at intervals up to 42 hours while the 
HATRACK sys t em excels for forecasts in intervals 43-72 hours. 
It is desirable to present a homogeneous sample of modified and unmodifi ed 
HATRACK fo r ecasts to include the OFFJAX forecasts. However, since the number 
o f such cases i n 1967 (maximum of 15 in the 8-hour interval) is too small to 
give signi ficance to the result, tables of such statistics are not shown here. 
5 . Optima l numerical forecast scheme, 1967 versus 1965 
Table 5 compares the optimal results from 1965 and 1967 data samples, con-
sidering the total forecast storm motion only. SR 700 is the isobaric level 
which y i e lds the least forecast error in both years. In 1965, only ANAL-mode 
forecasts were computed; in 1967 the PROG-mode gave better results than the 
ANAL-mode. In 1965, forecast statistics were stratified by individual fore-
cast int erva ls whereas in 1967 interval grouping was necessary. The number 
of forecast s s ampled increased from 3~ at small to 120% at large forecast 
intervals from 1965 to 1967. The optimal (i.e. best performing) Navy numerical 
s cheme ut ilizes a correction for bias for forecast intervals through 36 hours 
i n both years with the 24- (12-) hour bias correction best in 1967 (1965). 
In 1967 , the SR geostrophic steering scheme, unmodified, excels in the late 
f orecast i ntervals, starting with 43 hours, while the same is not true for 
1965 except for 72-hour forecasts. The numerical forecast errors are more 
stable with time in 1967 and represent an improvement over 1965 after the 
24 - hour interval. 
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The error ratios in Table 5 show a stability trend similar to the error 
itself in the two years sampled. However, the 1967 error ratios are more 
unfavorable to the optimal numerical scheme through 42 hours compared to 
1965. The reverse is true after that time. There are several differences 
in the two years of storm data sampled, which contribute to this relative 
behavior of error ratios. In 1965 best track data were used for initial 
' 
forecast positions whereas in 1967 only real-time operational positions 
were utilized for this purpose. In 1967, considering only those initial 
positions used to generate HATRACK forecasts, the average distance from 
the operational to best track position is 32 n. mi. The effect of this 
position error on the HATRACK forecast error per hour is greatest for the 
smallest forecast intervals but decreases with increasing interval. How-
ever, with increasing interval another influence prevails. A PROG-mode 
forecast utilizes a steering field dated within three hours of the storm 
position at any point in the forecast trajectory (see Fig . 4). For the 
ANAL-mode, the time of the steering field is earlier than the time of the 
storm position in its forecast trajectory by a number of hours equal to or 
greater than the forecast interval. In combination, these two factors may 
account for the lowering of the error ratio at small intervals but its increase 
at later intervals in 1967 compared to 1965. Another feature is evident in 
the 1967 data, namely the inability of the correction for bias to improve 
upon the unmodified HATRACK forecasts for intervals exceeding 42 hours and 
the relatively small improvement in forecast error due to this correction 
at intervals less than 43 hours. In 1965 the correction for bias gave an 
improvement over the unmodified forecast which amounted to 50~ for 12-hour 
forecasts; in 1967 the improvement was only 18% in a similar forecast interval. 
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In exp la na t ion, one part of the bias inherent in the unmodified 1965 fore-
c ast s was removed by using SR prognostic fields vice a single SR analysis 
for deriving t he steering winds in 1967. 
6. Conclud i ng remarks 
An analys is of the behavior of the Navy's numerical hurricane forecast 
scheme,as ap plied to both 1967 and 1965 Atlantic dataJindicates skill relative 
to the official forecast. The ready availability of such forecasts to the 
hurrica ne fo r eca ste r , in combination with its relative accuracy, suggests 
that the HATRACK forecast, selectively modified in accordance with Table 5, 
provides a suitab le objective base from which further improvement may be 
achieved by th e e xperienced official forecaster. 
On e furth e r table is indicative of the direction in which the Navy's 
tropical storm r e s ea rch is being directed. Table 6, for all 1967 HATRACK 
forecasts, indicate s errors by area, tra ck , and stage. Minima l f or e c ast 
errors are committ ed in Atlantic area B (s ee Fig. 5) for a depr es s ion or 
hurricane moving on a westward path at latitudes equatorward of the 700 mb 
subtropical ridge line. Thus, the next step is to stratify the fo r ecast 
scheme by area , track, stage and other geographical and meteorologica l 
criteria in orde r to enhance and tailor its performance. Another year or 
more of dat a are needed for this purpose. 
Although it is realized that a dynamic prognostic model ultimately holds 
the key for a n al l inclusive movement-development approach to the problem 
(Sanders 1968) , r e s ults quoted here serve to suggest use of the selectively 
modified HATRACK scheme in the interim period of development of such a model. 
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9. Figure Legends 
Fig . 1. Portion of the FNWC Northe rn Hemisphere surface pressure analysis 
1200 GMT 16 September 1967. A, B, and C refer to hurricanes 
Arlene, Beulah, and Chloe. Isobars at 4mb interval. Isoline 
(center) labels in tens and units (tens, units and tenths) with 
thousands and hundreds figures omitted. 
Fig . 2 . Portions of FNWC's Northern Hemisphere 1000mb SR analysis, 0000 
GMT 16 September 1967. Contours at a 30m interval: isoline 
(center) labels in tens (units) of meters. 
Fig. 3. Schematic example of a modified 36-hour SR forecast initiated from 
operational position, T . T(F) is best-track (forecast) position, 
0 
E is error; subscript on T(F) refers to time (forecast interval); 
superscrip t on F refers to forecast int e rval from which correction 
for bias in F is obtained. 
XX 
Fig . 4. Schematic outline of FNWC's HATRACK steering program, both prog-
nostic and analysis modes. See text for explanation. 
Fig. 5. Typical geographical division of the North Atlantic area (A, B, 
C) for the purpose of strat i fyi ng tr o pical-storm forecast 
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10. Table Legends 
Table 1. Average HATRACK forecast errors (kts) and isobaric SR leve l of 
best performance for 1967 Atlantic tropical storms, with com-
parative results for 1965. Sample includes PROG- a nd ANAL-mode 
forecasts for all mpa ages. N (0) represents number of numerical 
HATRACK (OFFJAX) forecasts. E is interpolated error estimate for 
intervals in which OFFJAX forecasts do not exist. 
Table 2. Same as Table 1, except map ages 0-6 hours only, 1967. 
Table 3. Same as Table 1, except PROG-mode forecasts only, 1967. 
Table 4. Average HATRACK and 12- and 24-hour modified HATRACK forec ast 
errors for 1967 Atlantic tropical storms, computed from SR 700 
mb. Homogeneous samples are for PROG-mode forecasts only, for 
all map ages. 
Table 5. Summary of performance of Navy's numerical tropical-storm f ore -
cast scheme from non-homogeneous 1965 and 1967 samples of SR 
700mb total forecast errors. Optimal indicates scheme with 
best performance, symbolized as F~, where XX refers to fore~ 
cast interval and YY refers to the interval from which bias 
correction is obtained. 
Table 6. Average HATRACK forecast errors (kt) for 1967 Atlantic tropica l 
storms as computed from SR 700 mb and stratified by geograph i ca l 
area, storm track, and stage of development. Sample includes 


























































1000(700) 1.00 3.0(3.3) 
.90 
1965 
Longitude Total Total 
Forecast Number 
Interval of 
HATRACK OFF/HATR HAT RACK OFF/HATR (hrs) Forecasts PGS OFF/PGS 
NON-HOMOGENEOUS SAMPLE 
700 1.43 700 1. 01 12 N: 93 700 .92 4.4 7. 1 0: 137 7.8 
700 1.21 700 1.05 24 N: 89 700 .96 ! 3.9 6.2 0: 134 7.4 
700 1. 16E 700 1.02E 36 N: 84 700 .99E 3.8 6.1 0: --- 7.2 
! 
I 700 700 N: 80 700 I 1.14 1. 03 48 1.00 3.7 5.8 0: 112 7.2 I 
I 
700 1.27 700 1. 21 72 N: 70 700 1.06 3.7 5.3 0: 98 7. 1 
1.24 1.06 
HOMOGENEOUS SAMPLE 
700 1.00 700 .93 5.3 8.3 
700 1. 08 700 .93 4.0 6.7 
700 1.08 700 .95 3.7 6.2 
700 1.31 700 1.15 3.5 5.2 
1. 12 .99 
TABLE 1 




(hrs) Forecasts HATRACK OFF/HATR HATRACK OFF/HATR HATRACK OFF/HATR 
NON-HOMOGENEOUS SAMPLE 
7-18 N: 189 500(700) 1. 12 700 1. 58 700 1.34 0: 213 4.3(4.4) 4.0 6.5 
19-30 N: 179 700 .95 700 1.30 
700 1. 12 
0: 209 3.8 3.6 5.8 
31-42 N: 170 700 .97E 700 1.26E 700 1.09E 0: --- 3.6 3.5 5.7 
43-54 N: 146 1000(700) 1.00 700 1.20 700 1. 07 0: 186 3.4(3.5) 3.5 5.6 
55-72 N: 17 5 700 I 1.17 I 
700 1.30 700 1.22 0: 156 I 3.0 3.6 5.2 
Average 1.04 1.33 1.17 
HOMOGENEOUS SAMPLE 
8 48 500(700) 
.85 700 700 5.1(5.2) 4.5 1. 09 7.5 .96 
20 45 700 .81 700 1.14 700 4.3 3.5 6.2 .94 
44 38 1000,700 .85 700 1. 03 700 4.1 3. 5 6.1 . 92 
68 20 1000(700) 1. 00 700 1. 31 700 3.0(3.3) 3.5 5.2 1. 15 
Average .88 1.14 .99 
TABLE 2 
26 
Latitude Longitude Total 
--Forecast Number 
Intervals of 
(hrs) Forecasts HATRACK OFF/HATR HAT RACK OFF/HATR HATRACK OFF/HATR 
NON- HOMOGENEOUS SAMPLE 
I 
7-18 N: 154 500(700) 1.28 700 1.64 700 1.30 0 : 192 3.6(3.7) 3.6 6.3 
19-30 N: 146 700 1.13 700 1.22 700 1. 17 
0: 190 3.0 3.7 5.2 
31-42 N: 138 1000 '700 1.03E 700 1.19E 700 1.13E 0 : --- 3. 1 3.6 5.5 
43-54 N: 129 1000(700) 1.06 700 1.22 700 1.09 0 : 171 3.1(3.5) 3.6 5.5 
55-72 I N: 152 1000(700) 1.06 
700 1.37 700 1. 21 
0 : 145 3.1(3.2) 
I 
3.5 5.2 
Average 1.11 1.33 1.18 
HOMOGENEOUS SAMPLE 
8 35 700 1.06 700 1.00 700 .97 3.6 5.2 7. 1 
I 
20 32 1000,700 1.15 700 1.08 700 1.04 2.9 3.8 5.3 
44 26 1000(700) 1. 11 700 1.14 700 1.10 2.8(3.1) 3.7 5.2 
68 15 1000(700) . 82 1000(700) 1.09 1000,700 .88 2.8(3.3) 3.3(3.5) 5.2 
I 












































74 3. 1 
67 3.8 
79 3 . 4 
-··----
Latitude Longitude 
12-Hour 24-Hour 12-Hour 24-Hour 
Modified Modified Modified Modified 
HATRACK HATRACK HATRACK HATRACK HATRACK 
HATRACK VS 12-HOUR MODIFIED HATRACK 
3.1 3.8 3.4 
3.0 3.4 3.5 
3.1 3.4 3.7 
3.6 3.3 4.0 
3.4 3.3 4.2 
HATRACK VS 24-HOUR MODIFIED HATRACK 
3.2 3.9 3.9 
2.8 3.4 3.5 
2.8 3.5 3.9 
3.6 3.6 3.6 
3.3 3.8 5.0 
HATRACK VS 12-HOUR AND 24-HOUR MODIFIED HATRACK 
3.5 2.9 3.9 3.2 3.3 
3.4 2.7 3.6 3.6 3.4 
3.3 2.7 3.6 3. 7 3.7 
4.1 3.5 3.7 4.0 4. 4 






HATRACK HATRACK HATRACK 
5.8 5.2 









5.9 5.3 4.9 
5.4 5. 4 4 . 7 
5.3 5.6 5.1 
6.0 6.6 6.3 
5.6 6.5 6.7 
1965: ANAL-MODE FORECASTS 
Forecast Average Error ~ Intervals Optimal PGS Number of (n.mi/hr of (hrs) Scheme Forecasts Forecast Interval) Opt1mal PGS 
12 F12 N: 87 3.9 1. 83 12 0: 137 
24 12 N: 83 4.9 1.46 F24 0: 134 
36 12 N: 78 5.9 1.23E F36 0: ---
48 12 N: 75 6.8 1.06 F48 0: 112 
72 F72 
N: 70 7. 1 1. 06 0: 98 
1967: PROG-MODE FORECASTS 
Forecast Average Error ~ Intervals Optimal NUM Number of (n.mi/hr of (hrs) Scheme Forecasts Forecast Interval) Optimal NU'tJ 
7-18 F24 N: 90 5.4 1. 52 
XX 0: 192 
19-30 F24 N: 85 4.9 1.24 
XX 0: 190 
31-42 F24 N: 83 5.2 1.13E 
XX 0: ---
43-54 F N: 129 5.5 1. 09 
XX 0: 171 
55-72 F N: 152 5.2 1. 21 













Fcsts Lat. Long. Total 
A 119 5.4 4.8 8.2 
B 74 2.7 3.1 4.5 
c 38 5.7 5.8 8.8 
Before Re- 159 3.8 4.2 6.2 
curvature 
After Re- 72 6.4 4.9 9.1 
curvature 
Depression 28 4.4 4.4 6.3 
Storm 56 5.3 5.0 8.0 
Hurricane 144 4.3 4.2 6.9 
Extra- 3 6.3 2.0 6.9 
tropical 
- - ----- - -- --
FORECAST INTERVALS 
19-30 Hours 31-42 Hours 
No of No of 
Fcsts Lat. Long. Total Fcsts Lat. Long. Tota 1 
AREA 
117 4.6 4.4 7.2 112 4.6 4. 1 7. 1 
65 2.0 2.3 3.5 60 1.9 2.3 3.2 
37 5.0 5.2 7.8 35 4.5 5.4 7.8 
TRACK 
144 3.1 3.3 5.1 131 3.0 3.0 4.8 
75 5.5 5. 1 8.3 76 5.2 5.2 8.3 
STAGE 
22 3.7 2.4 5.0 17 4.3 2.3 5.4 
51 4.5 4.1 7.0 48 4.5 3.9 6.9 
142 3.6 4.1 6.0 133 3.2 3.9 5.7 
4 8.7 3.6 9.6 9 7.6 4.4 9.3 
------ -
TABlE 6 
43-54 Hours 55-72 Hours 
No of No of 
Fcs ts Lat. Long. Tota 1 Fcsts Lat. Long. Total 
89 4.0 4.3 6.5 95 3.5 4.7 6.4 
51 2. 1 2.0 3.3 62 2.2 1.8 3.1 
30 5.0 4.9 8.0 33 3.6 4.4 6.3 
111 3.3 2.9 4.9 123 2.9 2.7 4.3 
59 4.2 5.2 7.5 67 3.5 5.5 7.2 
13 4.5 2.2 5.3 18 3.8 2.5 4.9 
42 3.2 4.0 6.1 46 2.1 4.3 5.3 
110 3.6 3.7 5.7 124 3.4 3.7 5.4 
I 
5 4.5 4.8 7. 1 2 1.0 2.3 2.6 I 
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